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The cooling charaoterlstlce.“of14.-cyll.nderdouble-row
radlel air-cooled engines have been wunparpd In a test stand and
in flight. The three typee of NACA ooollng teats were made for
both SI@IMS: variable charge-air flow, vertible coollng-alr
pressure drop, and variable fuel-air ~tl’o. Test-stand.rune were
made at ground-level atmospheric conditions; Q~ht tests were
conduoted In a four-engine airplane In a single flight at a pres-
sure altitude of 7000 feet. AU tests were made a% ‘anengine speed
of approximately 2230 rpnj In low blowqr rati~j szd With nomsl
spark advance for these engjnes (250 B.T:C.). .. .“

. For the same operating conditions, the test-a%and de. .
was found to run consistently.cbeler than the fllgbt engine.
Estimates @ temperature-limitedengine petiormsnce, based on ‘
coollng-alr pressure drdps..experienced with the airplane, indl-
oate that both engines may be expeated to satisfy the tmnpera-
ture limits speoified by the engine manufaoturbr for the rear-
spark-plug.gasket at various power ratings. Based both on aim-
ilar eathates and on aotual temperatures obtained In flight
during conventkual operation of the test .pngine,a maximum rear
middle-barrel temperature of 350° F, Which corresponds approx-
imately to the _aqturer-’s qaxlmum cyllnder rear-hold-down-
flange temperature of 335° F, will probably be exceeded by either
engine at take-off power, At lower power Ie-ls this temperature
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llmlt will probably be exceeded by the flight englhe ‘at’all conditions
and may be exceeded by the

At the request of the

test-stand engine at some conditions.

INTRODUC!P1ON “ “ ~ ~ “’

Army A&Forces, Air Technical 8ervlce
Ccaumand,an investigation Is being conduoted at the Cleveland labo-
ratory of the NACA to evaluate triptane in relation to other high-
antlknock fuel components as a blending agent for aviation fuels.
ThIa paper Is the third In a series of reports that present fuel-
knook and engine-cooling data with double-row radial air-cooled
multicylinder engines. This investigation conducted during the
summer of 1!344,includes tests with engine installations in a test
stand and in flight.

In order that fuel knook llmlts could be compared with the
cooling limits of the double-row radial air-cooled engine, as
installed in the airplane, the cooling characteristics were studied
and are reported in part I (reference 1). A presentation of all the
knock data for 28-R fuel, a blend of trlptane and 28-R, and a blend
of xylidlnes and 28-R obtained with the engine In flight as well as
a comparison of fuel knock.limits with”en@ne.coollng llmlts for .
the flight installation are given in part II (reference 2). A
comparison of the knock-ltiited performance of the flight and the “ .
test-stand engines, with a ~ade 91/96 fuel, has been reported In
preliminary form. ,-

.,

With a view toward making a fairly c&nprehensive comparison
of the cooling characteristics of the two engine installations,
similar cooling-correlationrune were made with both. .Because both
engines were equipped with the same Instrumntatlon, Insofar as
looatlon and methods of measummentmof engine temperatures and
cooling-air pressures were concerned, an excellent opportunity was
afforded to correlate dlreotly the cooli~ character-lstlcsof flight
and test-stand installations. The present report, part III .Inthe .
series, presents a comparison of the two installations based on,the .
method of correlating cooling characteristics developed In reference 3.

The development and analysis of the flight cooling.data
presented In this report follow the same procedure and are based
on the same test runs used in the flight cooling correlation of
reference 1. However, the two correlations differ in the f~llowlng”
respects. The Installation of the rear-spark-plug-boss thermo-
couples, upon which.the analysis presented herein Is based, and the
arrangement of cooling-air pressure tubes differ frmn those of
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part 1. These detiaiti.ona.fra “standard”procedure were made In
order.that the oool~ of the flight and teat-stand engines could be

. ..- cxinparedusing-.Identloal Instrumentation. In order to shuw the
fundsment”alrelation between fuel-air ratio and mean effective gas“..
temperature T~, a large number M data frm teat runs covsring .

“ a wide -e of engine oondltions, both for the flight and teat-
stand installations, are presented herein. In reference 1 +ly a
limited number of rune with variable fuel-air ratio wore shown that
were taken at the the the flight oooling-cormlatlon data were
obtained.

The flight engine (R-1830-90C) was mounted In the left inboard
nacelle of a B-24D airplaue. A view of this engine with propeller
and cowling removed Is shown jn figure 1. The came model teet-stand
engine was installed in a test cell equipped to provide @ound -
level erternal-coollngand exhauat-prassureconditions; power was
abaorbed by a three-blade propeller (diem., 10 i% 6 In.). The
teet-stand engine was equipped with a cowling frcm a C-47A airplane.

All cylinder and Induction-systsmthermocouples and coollng-
alr pressure tubes were Installed In as nearly ae pos~lble the same
poeltlone for both engines. The Installation of the rear-syark-plug-
boss thormooouplos used in this ccaparlson was one that conformed to
standard NACA coollug practloe prior to March 1944. A therumoouple
was inserted 1/8 Inch Into the head metal of the rear-spark-plug
boss at the OIX o’clock position with respect to the spark-plug hole “
of all cyltiders. The holee into which theee thermocouples were
peened were centered approxmtely 3/8 inch radially out from the
edge of the threaded hole In the spark-plug bushing. Rear mlddle-
barrel thermocouples (for all oylinders) were spot-welded to the
oylindetiouter surface between the sixth and seventh fins, counting
frmn the uppcrmoet barrel fin. The thermocouple locations on the
oylinder are shown in figure 2. The rear middle-barrel thermo-
couple is deslgaated T6; the rear-spark-plug-bossthermocouple,

b)
T3 ; and the rear-spark-plug-gasketthermocouple (flight engine
on, T12.

Cooling-air pre9sure tubes were Installed aocordlng to stand-
SJ5NACA praotlce and were located as shown In fi.~e 2. Eaoh fromt-
rowoyllnder head wae provided with twu”totel-pmaqsuretribesand
eaoh frat-row cylinder barrel was provided ultlra s3n@e totel-
pressurs lnibe. One statta-preseurstlibewas Installed for eaoh
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rear-row cylinder head and each rear-row cyllnder barrel. Although
the flight engine was eqdpped with ~ larger ccqlement of tubes thau
the teat-stand engine, calculations For this-report were baaed on
the reduced number that corresponded to those Installed on the teat-
stand engine. Data on cooling-air pressure drop wero calculated
frm averaged total preasuree measured at the front-row cyltiders
and avqraged static presmree measurad at the rear-row cylinders.

Readings of Individual cylinder-head pressure tubes around
the engine, both static and total, were averaged to obtain values
of average cylinder-head pressure drop. Sim~larly, readings uf
individual cylinder-barrel pressure tubes around the engine were
averaged to obtain average cylinder-barrel preseure drop. All
reported values of cooling-air preesure drop were meamred across
the entire engine a@ are therefore the total drop across both
the front and the rear rows of cylinders. Valuee of U(ratio of
cooling-air steqpuatlondensity at face of engtie to NACA standard
density at sea level) were computed from the total air pressure
at the face of the en@ne and the stagnation-alr temperature. The
stagnation-air temperature was obtained fra the measured free-air
temperature plue a computed adiabatic temperature rise due to
compression at the face of the engtie.

Carburetor-air temperatures were measured for both engines
by thermocouples attached to the carburetor screen and were read
frmn a potentiometer. F’uel-alrratios were determined by inde-
pendent measurements of fuel flow and air flow for both engines.
In flight, air fluwe were calculated from an air-box calibration
of the carburetor and euttable correction curves based on ground
air-flow tests with the carburetor Inetalled h the airplane.
Test-~tand alr-fl.owmeasurements were obtained from a 6-inch,
sq.uam-edge orlflce In the charge-air duct. Fuel flows for both
Installationswere obtained frcm rotameters. Additional checks on
fuel flow in flight were obtalmd by means of a deflecting-vane-
type flowmetor and a thermal flowmeter developed by the NACA.

PROCEDUKE

Test-stand cooling runs were made at ground-level atmospheric
condltlons; flight tests were conducted during a single flight at
at a pressurG altltudo of 7000 feet. The genorcilproceduro for
establishing multicylinder-engine cosl~ characterlstlce by the
NACA method of correlation (developed in referenco 3) was followed.

The followlng is the correlation equation, which expresses
the effect of cherge-atr flow and cooling-air oAp upon the
engine temperature level. (A ccmple~ derivation for this equation
is given in reference 3.)
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All
whloh 1s

T -Ta=KM#
Tg -T- (CJAp)m.. .,.

(1)

the following quantities are nmamred directly except Tg,
eatl=ted from previous cooling experience.’

average engine tmrpemture, either heade or barrele, oF

ooollng-alr stagnation temperature, OF

zmxm effeotlye gaO temperature, either heads or bamele, OF

engine charge-air weight flow, pounds per hour

average cooling-air pzmssun drop, inches of water

ratio of oooling-air stagnation density at
NAM etandard density at sea level

The following quantltlee must be evaluated
runs:

n exponent through which Me effects engine

m exponent through which CJAp

K an experimentally determined
and installation

Three baelc types of run are

face of engine to

affects engine

conetant for a

by the cooling

temperatures

temperatures

particular engine

neoee~ to establish completely
the coollng relatlons: variable charge-air flow, variable cooling-
air pressure drop, and variable fuel-air ratio. All runs In which
the cooling correlationswere established were nvde at an engine
epeed of approximately 2230 rpm In”low bluwer ratio with a spark
advance of 25° B.T.C. Engine-temperature data for additional runs
with variable fuel-air ratio at other engine speeds and both blower
ratios are presented. Table I lists manges of the primary variables
for the two engines. ‘“

METHOD OF c!ALcmATIoN

The treatnwnt of &a followed, in general, the nmthcd set
forth In reference 3 and applied In references 4 and !5. ~ such
analyses, the following terms, additional to those just listed,
are oustmrily employed:
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% average cylinder-head temperature, ~

“Ta mean effeotive gas temperatuzw for cyllnder heads,%

‘% ~mean effective gas temperature for cylinder heads of
reference carburetor-air temperature of 0° F

%%
cha~e in mean effective gas temperature fcr cylinder Eeads
correepondiug th variation In ~nductlon-system temper-
atures (based on car”ouretor-airtemperature of Oo F)

c factor that accounts for effects of blower-~ear ratio,
impeller diameter, and thcz’mcdynamicprocess upon charge-
alr tempo”ratu~ rise through supercharger, (see refer-
ences 4 and 5)

Tc carburetor-air temperature, ~

1! engine speed, rpm

Calculations of the quautity
~-Ta

and a slm!lar term
‘a

- Th

for cylinder barrels were based on an asmnned mean offeztlve gas
te~erature ?or a Civon fuel-ah ratiu. This value for a
carbu~tor-a”:r tempemtme of 80° F has been customarily assumed
to be i150° F for oyllnder heads and 600U F for c~llnder barrels
at a fuel-air ratio of 9.09. (See reference 4.)

During 1944 most NACA cocllng-conelatlon work was done using
the paramder ‘co (reference carburetor-air temperature of Co F)

Instead of. Tgw (carburetor-alrtemperature, 80° F). When this

procedure .isfalluwed, the assumed value clf %0 for cyiinder

heads ?)ecomea1086° F and for cTlln&r barmia, 536° F at a fuel-
air ratio of O.O@. The equation

[
‘T60= ‘c

expresses the change M thb meazz
@ variatirn In induction-system
empirical factor f was 0.8 fo=

)]“jN2F
‘.c pm (2)

effective gas temperature caused
tmnporaturos. The valuea of the

‘cads ad 0“8(Tgb[Tgh~’ ‘r 0“42’
for barrels, the development of equation (2) Is’given Ifirefer-
ence 4. Because of the unavoidable variation In fuel-air ratio
experienced with the flight engine while inking certain of the basic
correlation mm, it was neceaaary to ad~uat the assumed value of T

@
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use of a portion of
tirk. “ ‘ ‘-”

a fuel-air
a typical--- .,

ratio of 0.08. This oorreotlon mede
ourm established In test-stand

.T% .... ., J .. . . .

A typloal oaloulatlon of the &antity ~ .follows. The
‘8h.. . . :% “

“ data oqnrespond to the highest-power flight xun in whioh darge-alr
flow-was the variable. .,...1

~ge-alr flow Me, pounds per hour/1000 ~ . . . . . .-. .“.7.230
Fuel flow, pounds per hour. . ; ;.. ... ... . . . . . . . . . 635
_ti~-a~rt~2era*~eTa~~ “~90~~a.”90D=oDm54
Carburetor-air temperature To, % . . . . . . “, . . . . . . . . 75
Aver~e rear-spark-p]ug-boea temperature Th % . . . .
Average rear middle-barrel temperature ~, %?......::=
En@nespeed H,rpm . . . . . . . ..” . . . . . . . . ...2230

The fuel-air ratio obtained frmu the values of fuel and air flow is
then

.“ 635— = 0.0878
7230

.Frcnna portion of a li.~ioal T
%

ourve passing thrmigh 1086° F at
.. . —

Flfuel-am retlo M 0.08, . .

‘%
= 1033° F

(
By substitution in equation (2)

By deflnlti.cm

ATg%= ~5+1995(#

AT
%

= 138° F

0.00

,
Therefore . .

‘~h =T = 1033 + 138 = U71° 1’
. ‘% + ‘T%

. .

Th-Ta 411..- 54 = 0.470 . .
Ta -~=u71 -411

A similar oaloulation Is made for oyllnder barrels using the
temperature (343° H’),a portionvalue for average rear middle-bamel

........

. .-
. . . . . - . .

.
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of a typical T
%)

mrve for barrels obtained frmu test-stand data,

and a faotor of 0.42 in plme of 0.S0 for the calcmlatlmof AT
for barrels. %

The data for nine variable “char&-air flow runs In flight,
eight variable charge-air flow”runs in the test stand, ten var-
iable cooling-air CSAp runs in flfghti,.e@-f~ve variable coolhg-
alr OAp runs In the test sfiandwere oompu~ed a@ We plotted as
construction curves In figures 3 and 4, (Magnitude & range of
the test variables we shown in table I for bot~.englnbs.)

RESULTS AI?DDISOUSSION

Development of Cooling-Cormelathn Curves..

The exponent n (equation (l)) through which charge-air

Th - Ta Tb - Ta
fluw ~ affects the functions — is eval-

Tgh-% ti Tgb - Tb

uated from the slopes In the logarl%hnic oonstructim plots of
figure 3. The effect of charge-air flow upon these functions end,
consequently, upon engine temperature level is eeen to be greater
for the flight engine than for the test-stand engine. This
apparent difference in ‘exponentsfor ~ betweem the two enginee
uy be due in part to the fact that, for the flight engine, exhaust
“pressureIncreased to some extent as the engine manifold pressure
was raised owing to use of the turbosupercharger. The exponent m

Th - Ta Tb - Ta
through which cooling-air UAp affects

‘8h - Th ‘iTm-~ ‘s

obtained from figure 4. The effect of uAp upon the en&lne tem-
perature level is greater for the flight engine than for the test-
stand engine, for both heads and barrels; this difference may be
partly attributed to the difference In design of the cowlings f~r
the two engines.

I&cm the experimentally determined exponents (slopes) of the
construction plots in figures 3 and 4, correlation curves of the
type shown in figure 5 may be drawn. If equation (1) Is reamnanged
to permit plottlng a logarithmic correlation curve having, for
convenience, the same numerical slope as In figure 4,

.7 . . .
. . .m

.T-Ta

()

~e$/m
.— =K—
‘8-T “

oAP
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where m, the f+hml qonent, Is the dope of the correbtlm
“. . .mrve. .Themlues”ct the coaibl.nationerpqnmpnt n/m used in

plotthg the final mol.1~-oomelatlon curves (fig.’5“Ytie as “
follows: . .1..

H&dEJ Barrels d
. .

. Test stand 1.88 1.52 -
Rlight ● 1.96 1.71

Before the correlation ourves oould be plotted In final fore,
several series of preliminary plots of these lines had to.be made
to correot the Initial conetruotion lines to mmpensate”for the
unavoidable varlatlcm in cooling-air ~p and engine oharge-alr c
flow. ~ese variables, ideally, should have r@nained oonstant over
a given set of rune but, owing to conditlcme dlffioult to control,
were allowed to change somewhat. Three series of corrections were
made to both the oonetruction plots and the correlation lines-before
the error due to these variations was reduced to a negligible
quantity.

The correlation lines In”final formare presented In figure 5
for the test stand end for flight. Tho two sets of lines are shown
on different areas of the ~ld Inasmuoh as the varlatlon In expo-
nents between flight and test stand may cause a difference In the
position of the lines on a elngle grid, the interpretation of whloh
can be misleading upon casual inspection. Any comparative analysis
of the oooling characteristicsof these engines must be arrived at
either by substituting speclflc values of Me, oAp, and the expo-
nent n/m Into the abscissas of the two plots (figs, 5(a) or (b))

Th-Ta~b-Ta Orby
in order to determlriethe funotlons — —

T%-~ T~-Tb

algebraically solving the appropriate correlation equations that
express the ooollng oharaoteristiosof the two amgines. These
equations, defining the llnos In figure 5, are as follows:

For-heads: “

(Test stand) (71.8
.292

Th - Ta %-
r%0.549

= 0.300 — = 00300

‘%-m
tip I 10.292

J(JAP)

( ~.

93&8,, .
- Ta “ “%?”9

[

0.612”=
Th Me-

.“=&31Q —
“r”“.- Tb

= CL31O
gb \dAp 0.312

(SAP) -

..
.. .
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For barrels:

I

(Test stand)

.

(might)

—=o.*23g~1=:.823[Tb -Ta

‘W%

&=o.797fg$430=o.797[:;:30J

An alternate method of plotting the correlation curves for the
two engines affords a somewhat more direot comparison of the cooling
characteristics. If a mean value of the ewonent n/m is used for
plotting correlation curves of both engines Instead of the indi-
vidual values for test stand end flight used In figure 5, the
slopes and the position of these curves till be altered to sume
etient. !17hIspresentation, as shown in figure 6, permits a com-
parison of the cooling characterlstios.ofthe two engines to be ““--
made in the same area of a single ~aph. In figure 6 the two curves
for heads are plotted against the sam abscissa (horlmmtal scale)
inetead of against different scales, as was done, In effect, In
figure 5; the same Is true of the curves for bsrrels. The possible
error in results obtained when temperatures are predicted usi~ the
cooling equations with averaged exponents (fig. 6), as compared
with individual exponents (fig. 5), was generally found to lie
wlthln the eqerlmantal error of the original data. However, use
of the individual equations or curves till rmult in a higher degree
of accuracy than Is available using the averag’jdvalues.

Effect of Fuel-Alr Ratio on Mean Xffectlve Gas Temperature T
%

Figure 7 chows.the effect of .fuelyalrratio upon the mean
effective gas temperature T

go
for both the test-stand and the

flight enginas. These curvee facilitate the prediction of coollng
characteristicsfor a wide range In fixture strength. In fig-
ure 7(a) are shown a lerge number of data, which serve to illus-
trate several features: (a) These data establish the sha~;)o:h~
curve of T

%
against fuel-air r~tio for these engines;

demonstrate that, for the rather wide”range of conditions covered
by the test data for the two engines, both engine.installations
efiiblt the same T

%
curye and both show about the same band of

ecatter in the data; and (c), “- of perhaps th?””&eate&t slgr#f-
lcame, these data damonstiate the suoceoaful reduction and corre-
lation of a lsrge VUlume of unrelated and widely varied data from

. . “.

.. . . ...
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both engines. These data Inolude tests under ~ook~ end non- “
knock~-oonditdons jdata Ear 28-R, grade 91/96, and two hlgh-
perfonuame fuels; and teds at savaral qnglne speeds, at both
blower ratios, and with a nuriberof carb~etor-alr temperatures; “
The faired curves In figure 7(b) were drawn as nearly as possible
through the average of the test data while Interseotlng the ini-”
Iiiall.yassumed temperature of 1086Q and 536° F at P fuel-air
ratio of 0.06,

Temperature Converslans - “
,

Graphs of maxi.mumcyllnder-head temperat~e against average
(of 14 cylinders) are shown in fi~e ~(a) aud (b) for the test-
stand and flight engines, respectively. Similar relations for
barrels are shown In figure 9(a) and (b). This Information is
necessary in order to apply cooling-correlationrelations to a
specific engine. Thus, If a csalculatlon.lsto be based on acme
llmltlng engine temperature, that value will be considered ae the
maximum (of 14 cylinders) and must be converted to an average
engine temperature to permit using the correlation plots and
equations that are based on average temperatures. It will be noted
in figure 8 that maximum head temperatures, both for test stand and
for flight, tend to deviate farther frcm the average with increasing
temperature; the fll@rt engine shows, in general, the greater devl-
atlon. Maximum barrel temperatures, however, bhow more nearly a “
constant difference frcm the.average throughout the temperature
~ t- tkt for heads (fig. 9); this difference is greater for
the flight engine.

I’lgures10 and 11 are inclwed as a further source of pertinent
tiformatlon to show the relations ofmaxx and average rear-spark-
plug-gasket temperatures to average rear-spark-plug-boss temperatures
treated h this cooling correlation. Although the manufacturer’s
specified tempemture limits are based qn a ~.lmrup rear-spark-plug-
gasket temperature, a conversion may be mad? from these graphs
first to average rear-spark-pl~-gasket temperature (fig. 10) and
thento average rear-spark-plugpbosstpm,e~attie (fig. ll)(; These
data for ccznparlngthe two types of thermocouple were”obtained I%CQ
the fllght en@ne.

Results of Ctiparatlva CaloUlati~s “--

Based on the cooling equations previously listed for the
Individual engines, calculations were made to ccmpare the coollng
characteristics of the two engines. Rour speolfled engine-power
conditions were selected for these cucparlsons: take-off power,

.
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100 percent normal-rated @wer,” ~ Tercent oruise poirer”(maxhum .# ..-.

cruise), and 41 peroent ~lqq pol?er(mltilmumbrake specif~o fuel’..
consumption). For each-of these ocindltlans,three types of tom- ‘ “ .“
parieon were made; the results.arepresented in table II. b o “ . . “ ~

● comparison A, for ass-d equal c~ge-alr flow (equal power) and .
coollng-alr uAp, temperature ccxnparlsms betweeu engines were
ccauputedfor both heads and”barre”ls. In cmnparlaon B, for aeaumed .
equal charge-air flow and engine temperatures, o Ap caparlsons
between engines were calculated. In comparison C, for assumed
equal engine temperatures and CJAp, engine charge-air flow (power)
oomparisms were ccmputed. Values of cooli.ug-llmltedbrake horse-
power were based on a simple correction of the nominal brake horse-
power for dM’Yerence In temperature-limitedair flow.’ -

,

Values of charge-air flow used ln”comparisons A and B were
determined from the specific operating instructicms (reference 6)”
and frcm estimated speolflc air-flow rela’tlms. Values of cooling
air CJAp used In comparls~ A and C were estimated f?xxuaverage .
values obtained in flight. Llmitlng oyllnder-head temperatures in
cxxuparisonsB and C were calculated and corrected frcm the manufac- “ .
turer’s maximum specified heqd (reak-spark-pl~-gaaket) tempemtmres
(reference 6) by bans of the conversion curves p~-asuntcd‘m figures 10
and 11 for the flight e@ne. Llmitiug rear middle-berrel temperatures
were based on an hrbi~rary maximum vaius of 350° F, which corresponds
roughly to the manufacturer’s specified temperature limlt.of 335° F
at the rear hold-down flange of the cylinder (referenoe 6)C A reletlcu”
between averago {of 24 cyllnderq) values for these two temperatures is
shown in figurd 12 for the test-stand engine.

Table II lists all assumed conditions, parameters, and results
for the ccanparatlveoalculatlons. Under all ptier conditions and “
for each of the three types of oomparlson made, the flight engine
(both heads and barrels) is seen to be the more critioal with respect
to oooling than the test-stand engine. This effect Is apparent
frcm the temperature difference (comparisonA), the cooling-air oAp.
difference (comparisonB); andthe temperature-limited air flow
(and power) difference (comparison C). It is obvious, from the
unreasonable results obtained In parts B and C for the assumed “
cylinder-barrel temperature llmlt,“thata maximum barrel temperature
of 35@o F will be exoeeded in flight, especially at the higher
powers. This conclusion is eubstantlatedby actual temperatures
observed on the flight test engine duri~ conventional operations,
suoh as take-off, cllmb, and landlng a preach when maximum rear

Emiddle-barrel temperatures between 390 and 420° F were frequently
obeerved. (Seo reference 2.) This temperature would also be
exoeeded by the test-stand engine at take-off conditions.“
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A graph%oa? ;:osentation of the tmhperature data in table II,
OoalparlsonA,.is.given”.tn.f@llr.e.13Q QnlY ~ values of p~-.
dloted head and barrel tempe@mres a&e dhown in this ~ph. . One
efl:ltlonalset of data - pre8an’&3din table II Is plottd.,in
.f~gure 13.- predioted values of maximum reaz+spark-plug-gasket
tauperature for the flight engine.” These data were obtained.from.
the ooollng-oorrelatlon.prediotlohs (average rear-spark-plug-bosq
temperature) in.ooqbinatlon with the temperature oonverslons
given In figures JO and 11. “ficanfigure 13, head-temperature
l~ts appear to be satisfactorilymet by both engines at aruising
and normal-rated power oonditione. For take-off power the h_-
t-perature llmit Is almost exceeded by the flight en@ne, but a
oonslderable~gln exists for the test-stand engine.

If the predloted maximum rear%park-plug-gasket and rear
middle-bamel temperatures for the fll@t ez@ne In figure 13 are
compared with the valuee prdicted in table I of reference 1 for
similar engine conditions,,eomedifference in .reisnltswill be
noted, particularly for the oruislng powers. This variation Is
mainly attributable to the difference in the curves of T80 ~ahst

fuel-air ratio. The predicted temperatures in the present report
sre believed to be the-re aocurate beoause the. Tg. curve used

., 0
hkreti (fig. 7) represents the avera@ results

.amount of test data than.that used im referenoe
of a mubh larger
1.

. .

SUMMARY OF RESULTS

The followlng nesults and cooling predlotions are based on
coollng tests conduoted with two 14-cylinder double-row radial
air~cooled en@nes, equipped as nearly as possible with the same

““.instrumentation,one in a test stand and one in flight. These
tests were made for both engines at an en@ne speed of approximately
2230 rpm, at low blower ratio, and with a s~k advance of 25° B.T.C. .

1. For the same operating and cooling mndit16ne with both
engines the test-stand engine was found, tier u1l conditions, to
run pooler than the flight en@ne (both oylinder heads and barrels).

2. The effeot both of oharge-air flow and of cooll~-air pres-
sure drop upon the heat-transfer processes for oylinder heads and
barrels was sqmewhat greater for the flight engine than for the
test-stand engine.

3. The reductlan and correlation of.a considerable ammnt of
test data at widely varied engine mnditlons indicates that, wlthln
the soatter of the values for mean effeotive gas temperature T s

8~
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of both ~lnes are infl~oed by the
nnd fuel-air ratio. ‘.

4. Eetlmates of temperature-llmlted engine performance, based
on ooollng-alr pressure drops experienced with the airplane, lndl-
.eatathat a ~imum rear middle-bmel temperature of 3500 F, whloh
corresponds approximately to the manufacturer’e speolfled temperature
limit of 3350 F at the rear hold-down flange of the cyllnder, will
be considerably exceeded by both engines at take-off power. At
lower power levels, It appears that this temperature limitation will
be exoeeded by the flight engine at all the bondltlons lnveetlgated
and may be exceeded by the test-stand engine at soma conditions.

5. Both engines maybe expeoted to satisfy temperature l~ts
speoified by the engine manufacturer for the rear spark-plug gasket
at various rated-power oonditlons.

Aircraft Engine Reeearch Laboratory,
Natkaal Advisory Committee for Aeronautloe,

Clevelsnd, Ohio, Fbbruary 23, 1945.
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TA61i I

RAmm cmPRIMARY vARIABmm cooIJNG-coRRELATImRUNS

, Total nuniber *“
Variable “ of“runs ~e- of variation “

Test Fll@t - Teat lfli@lt
stand stand

Charge-air flow, lb/hr 8 9 3000-6000 3610-7230
Manl.foldpressure, In. Hg abs. 23-40 “~ 25-48

Coollng-alr 3Ap, in. H20:

!

I
Barrels 5 10 11.1-23.5 I 4.2-15.4
Heada 11.5-24.7 4.8-17.2

Fuel-air ratio “ i 112 74 0.053-0.110 0.054-0,113
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Vari*la +
8pooi~lodAnal opaFatl* Oonditlone

Engins speed, rpa
Unirold Pr08hUM, in. Hg abmoluto
Bralm horaopowr
Miaturo-oontrol●ettlng
Muimm room~Fbplu&wmkot
tompordxlro, 3E_l?!EAuto-rloh Auto-rioh Auto-loon huto-lemn

Pm~t9r9 for oapmratiw oalcuhtlom

I Setlmatmdohm~-~~~y&lb/hr S600
11 p/A fra

67m
.0B7 .096

111 Cooliwalr uApl, M#, in. ~0 8.3 11.3
IV CW1lM-U r UAP1.barrds, in-. LO 7.0 10.0
v Aver~- ~s&k-pl~60sa

.=

I

4s4

I

444.
t~rmturon, %

3900
.0s5

6.7
6.4

8100
.0s0

4.6
3.4

444

‘satimtod walummrroBPondinstorospooti=rlighto-f tire-for W@nas
imta.llodin uirpl=ne;oowl flqpa ona-thirdto onD-fourth opon for t d.- orr

ti nomel-rmted mwar, closad for oauinine.

. .
(b) c~aratiw Calouhtlone ror Teqmratura, CoolinS-AiF abp,end Chmgo-hir Plow snd Paar

[Cmpariaone bamod a following●msmed air oondigione - tako-err:
oooling-mirand ca*weto_air toqwwttuw, 100 P, ground-

tompormun., #~; g , .pprox. t,hAt,or KOO-ft densityt%%de~
10WO1 gj s11 ot r oonditione: cooliwd F and omrbure

Fmar oondition md TAh-orf 100 porcmnt 64 pamant 41 parcant
Oruimo Oruise

Variablm
4

cmpmrimon A (t emp9ratUre )

Avermgo bom t~rpture, % 462 4W? 370 400 37s 396 362 37Q
~asmtu I, II, ●ml III)

Muim9 bouateworntww, 9 m 66s 40s 43s 4M 431 390 411
Atarmp bmrrol t~rmtura, % 3s4 40s 321 340 331 340
(aam=e I, II, * IV)

3R6 336

UsxlmE barrel tapermtu!w, % 416 46a 346 3s4 3s7 384 361 3s0
Ccqmrimon B (ooolin~mir mdp)

Avmr~ head udp, in. H# 6.6 8.4 4.4 6.6 n.7 3.7 1.5 Q.O
fa;oulw1, H, mnd v)

Avw%e barrel UAP, in. ~0 S!4.4 47.4 9.5 le.3 6.7 9.6 3.5 6.6
(OS- 1, 11, ●nd 360° F nmx~
barr-1 tompormturo)

C-par lmonC (ohaFgo-air Ha Uldpower)
(a) Cha~-air f lnw (haad-tcmperattuw 10,600 S4w 11,130 0900 64m 53ao
lidit),lb/?ar(ammo II, III, and V)

6700 4700

(b) Chm.rse-mir rlc!w(bmr=l-tvratura 3700 Emo moo 4700 3aoo moo
llnit), lb/br (umtu@ 11, III, 360° F)

3030 %310

Brekw hormapowr, ●stimmtodfrm (m) 16W 1190 lSC!O 14s0 1160 Qso S30 680
Srakv horeeponr, 86t!MAtOfl frcm (b) 630 390 U30 T?o 670 300 440 340

NAT 10NAL AOV I SOIW
ml TTSE FOR AERONAUTICS



r

I

1.”””..”. ,.. ,.,,.!’
‘.

‘.’ ,.”
,,,

“,

,,,

.;

,.<.

..

:.,

...

..’

I Figure 1. - Double-rowradialair-cooledengineinetalledInfour-englrmalrp~. Propeller,coullng,bock pickups,and
leadsremmed.



Figure2. - Typical

U@

P

rp (behindtop
head baffle)

inetall.ationOf’total-pmmuretubesH, Static-pressure
cylinders.

tubee p, and thermocouples

(gasket)

(boss)
.. ..

z’

?i

.m D

z
6 w

T wed on air-cooled
m

:



.—

r— NATIONAL ADVISORY ~s&q<

u LJ — L-1 — -J .— .- —

i- - l-l I I I I 1401 Ill I I—. ..— I 1 I 1 1

I 1“
.. I 1 1 1 1 1

.—.—. —,—
I ! I

1. I m+tl 1

. . . .
.~

I 1.. 1... I
—

.
+=-=pjjpq(q;~j

. . . .—
( 1 ! 1 /

—.— —... ““‘-” -+- -’ *Tpqa$ $-+
-+- + - – J--- - “ - - - - - - ~ -g 2 ““

—.. -.
.—. ,. +$& ;+__J * ~:: “’:: ::.. :j+? :. :“?f$e.T--fT- ::... ..... .... .... s- Ill I I

bthhttdtkhtltl-thttl 1! i ..-. -i -ix”i i.= , I I I I I

!1 a I f- 1f
_ — .J,– .: *E <p ,“ ““”- ‘“’ ““-

L. –... .– d
. -,. , . I . / .-—. ._ -. :,-. . . .

1 (w

.+ t-t-, —~ - – -.-, -- 1-. I .1.1. i A“ ~~ K . ~~~~- - I -

1 1 1 [ t 1 1 1 1 1 I!’ Ill ,11. I i i “t+!-tw~

W-!-PrL’-l-lrl --llll Iil+llll ll,l+’y +-+ -
& ——.—,—

I 1
I

: + ..: :. , - ‘- 7 - ‘- - - , - -:”

, , : .- -: ; ;

1

;“
:.;-

— —- . — -— —.

I , ‘!:. .: -.

!

-2 3 4
Charge-air

g

,, . . .

i“”’ —

5
rlOw, Me,

+d—..-.
&

El~-.-.-.—-
78

#

......

/ .+

.,

9 10

Th-Taati Tb-!Fa
FQu.re 3e - Variationof — — withchargealrflow~ for

‘%- ‘h ‘%- ‘b
double-rowradtilatr-oooledenginesIn teststandati in flight.Engine
mpeed,2230rpm;s~k advanoe,25°B.T.C.;lowblower-t 10.

, .—.. ....—-.



NACA MR No. E5B23

cooling-air6AP, in. water

Th-Ta Tb-Ta
Figtuw 4. - Variationof— ati—vith cooling-airCJApfor
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double-rowradialalr-cooiedenglneoh testotandand In fllght.Engine
swed, 2230rpm;sparkadvenoej25°B.T,C.;lowblowerratio.
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